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ELECTRONTCS AND ELECTRICAL ENGINEERING

UDC 621.396.962:550,35

MICROWAVE RADIATION OF THE SURFACE OF THE Eiu(TH WHERE VEGETATIVE COVER IS
PRESENT

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Rusgsian No 2, Feb 79 pp 256-264

[Article by K.P, Kirdyashev, A.A. Chukhlantsev and A.M. Shutko, manuscript
received 27 Dec 77]

[Text] The results of experimental studies of the
spectra of the microwave radiation of the earth'e
surface where vegetative cover is present are given,
The specific features of the microwave radiation
inherent in various types of vegetation are establish-
ed. Quantitativeestimates of the influence of vegeta-
tion on the radiation of the earth's surface are de-
rived. A relationship is ascertained between the

_ characteristics of the microwave radiation and certain
biometric parameters of the vegetation.

The need arises for the derivation of quantitative estimates of the shield-
ing influence of diverse types of vegetative covers, agricultural crops,
grasses, undergrowth, trees, etc., in connection with the development of
microwave radiometric methods and equipment for the remote display of the
state of a subjacent surface: the determination of soil humidity, the degree
of bogginess of terrain, its passability, and the localization of centers

of forest fires [1-3].

Along with a study of the shielding influence, it is also of interest to
study the capability of determining some of the biometric characteristics
Inherent in the vegetative cover: the biomass, height, etc., based on the
data of microwave radiation spectral measurements.

L. Some results of original experimental research in *his field, conducted
at the Institute of Radicengineering and Electronics of the USSR Academy of
Sciences over the period from 1965 to 1976, are presented in this paper.
The experiments were conducted at a permanent ground station, from on board
aircraft and earth satellites in a broad range of wavelengths from 0.8 to
30 cm (sece the table).
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The values of the brightness temperatures and emissivities were estimated
taking into account internal calibration standards, as well as on the basis
of the radio brightness gradient of a smooth water surface with a known

water temperature, as well as for sections of thick forest. The emissivity
of a water surface was determined from the Fresnel formulas, while the emis-
sivity of the calibrating forest sections was taken equal to unity, The
error in the measurements of the brightness temperatures amounted to 5--15° K.

Measurements of the microwave radiation of ground covers demonstrated that

the influence of vegetation on the radiation of the earth's surface is de-
texmined by the type of vegetative cover and its condition. The parameters
which determine the radiation level are: the emiggivity of the ground surface,
the factors of radiation reflection and transmittance by the vegetation, and N
the degree of coverage of the ground surface by the vegetation., The specific
radiation features inherent in differenct types of vegetative covers arise as
a consequence of the differing ratio of the magnitudes of these parameters.
Depending on the nature and degree of influence of the vegetation on the
radiation of the earth's surface, the following types of vegetative covers
can be differentiated: a) agricultural crops in the early stages of vege- =
tation, spike and grass covers; b) "broad leaf" agricultrual crops (sun-

flowers, corn, beets, etc.); c¢) underbrush and forest vegetation,

Characteristic radiation spectra are presented in the paper as applied to
these types of vegetative covers and the corresponding attenuation levels
are eveluated, Examples of the recordings of the brightness temperatures

Tg of the ground surface are shown in Figure 1, which are characteristic for
the indicated types of vegetation. The spectral curves of the emissivity
x(A) of the discriminated areas are shown in Figure 2. .

The data of the measurements, which are shown in Figure la, were obtained
from experimental fields of the Yenisey hydrological station by means of the
radiometric complex installed on-board an IL-18 aircraft. A comparison of
the radiation spectra for a field of winter ryc with a height of 20-25 cm
and plowed ground with a value of soil moisture close to that of the rye
(based on data of ground observations, the soil humidity for both fields
amounted to 27--30%) shows that the influence of this type of vegetation

is substantial in the centimeter band (Figure 2a), The noted increments

in the level of the emissivity due to the influence of vegetation amount to
0.05--0,15, 1In the decimeter band, the radiation of areas with vegetation
differs little from the radiation of the open soil. An analysis of the
radiation spectra of grass vegetation, covering a pasture (Figure la), forest
glades and cut over areas (Figure lc), as well as the boggy regions of the
ground surface (Figure 1d), shows that the influence of grassy vegetation

is likewise manifest primarily in the centimeter region of the spectrum and
little at decimeter wavelengths.

3
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Figure 1. kKxamples of the recordings of the brightness temperatures

of
a.

b.

the earth's surface where vegetation is present:

Area of mixed forest (T), winter rye (1I), plowed land (III)
and pasture (IV) at wavulengths of 2.25 cm (1), 10 cm (2)
and 30 cm (3);

Corn fields with dry (I) and moist (II) soil dry pasture
(III) and sunflower fields on dry soil (IV) at wavelengths

" of 3.4 cm (1) 10 cm (2) and 30 cm (3);

€.

Forested terrain in the Krasnoyarsk kray, including ‘coni-
ferous and mixed forest (1), flooded regions (II) [sic]
boggy arcas (III) and a lake (IV), at wavelengths of 2. 3s cm,
(1), 10 cm (2) and 30 cm (3),

The boggy Bol'shoy Khingan regicn in the Far East (I) and
Siberian forest (II) at wavelengths of 3.4 cm (L) and

8.5 em (2);

The Sahara Desert (I) and the boggy region of the uUpper

Nile (II) at wavelengths of 1.35 cm (1), 3.4 cm (2) and

8.5 cm (3).
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Filgure 2. Spectral curves of the emissivity

gion (Figure 2b).

of various types of vegetative

covers:

a. A field of winter rye (II) and 09
a plowed field (III);

b. Corn on dry (I) and (II) soil,
dry (III) and moist (III')
ploved fields;

c. Flooded forest (II in Figure ‘lc).
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A study of the radiation spectra of broad leaf crops was carried on the
irrigated fields of the Crimean oblast (Figure 1b).
of the radiation spectra of such crops is the reduction in the emissivity
level witl, a shortening of the wavelength.
practically no effect on the emissivity of a cornfield in the centimeter
region of the spectrum and exerts a marked influence in the decimeter re-
This fact indicates the complete shielding of the soil
radiation by the vegetation in the centimeter band (the height of the corn
is 1.5=--2 m). Alower value of the emissivity of a
for short wavelengths, as compared to longer wavelengths, can be explained
by the increasing influence of the reflective properties of broad leaf vege-
tation with the shortening of the electromagnetic wavelength.

A distinctive feature

A change in soil humidity has

cornfield with dry soil

An investigation of the radiative characteristics of forest showed that thick
forest masses on dry soil are characterized by the greatest emissivity, which
is close to unity in the frequency range studied.
rroperties of forest vegetation can be obtained from a consideration of the
radiation spectra of a flooded pine forest (Figures lc and 2c).
the data of ground observations and aerial photographs, the underlying surface
under the trees was flooded with water in the amount of 60--80%. As follows
from Figure 2c, in the centimeter band, the emissivity is close to unity,
something which indicates the complete shielding of the radiation of the
underlying surface by the forest canopy.

An idea of the shielding ’

Based on

The observed spectral depsndence
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T of the radiation intengity in the decimeter band attests to the "semitrans-

- parency" of the canopy for decimeter wavelengths. The spectral features
noted here for the radiation of forest regions, which are characterized by
a high level of moisture in the subjacent surface, were observed when re-
cording the microwave radiation of the earth from the "Kosmos-243" and
"Kosmos=384" satellites (Figure le),

A comparison of the radiation spectra of a- ground surface with grass and
forest vegetation shows that these two types of covers have spectral curves
for the emissivity which are close, and ure characterized by a monotonic
reduction in the emissivity with an increase in wavelength., A substantial
difference between these types of vegetation consists in the extent of the
shielding influence, which is considerably greater for forest vegetation.
This 1is clearly manifest in the analysis of the radiation spectra of boggy
arcas with an emissivity of the subjacent surface close to the emissivity
of water (Figure lc, d, e). Such studies show that the forest cover com-
pletely shields the radiation of the subjacent surface at c:ntimeter wave-
lengths and leads to an increase in the emissivity of the “forest--water
surface" system in the decimeter range up to 0.8--0.9. Grass cover proves
to be semitransparent throughout the entire range of frequencies which were
studied (the increases in the emissivity amount to 0.1--0.4).

2, Based on the data of the experimental studies which were carried out,
quantitative estimates were obtained for the levels of attenuation of the
microwave radiation for the indicated types of vegetative covers.

The characteristics of the attenuation in a layer of vegetation of the
winter rye type were determined from a comparison of the emissivity of areas
with vegetation and the emissivity of plowed ground with close values of
soll moisture content (Figure 2a)., The integral attenuation of the radia-
tions 1 can be expressed in terms of the emissivity of an area with vegeta-
tion k and plowed ground Kps neglecting reflection from the vegetation:

— N 1 1"7‘-
- =g

where k = 1 —Re'ZT; Ky = 1~ R; R 1is the factor for radiation reflection

from the soil. The integral attenuation in winter rye, obtained from measure-
ment data, amounts to '0,05--0.3 nepers (Figure 3) (estimates of the error in
the determination of T due to the difference in temperature and moisture con-
tent of the fields studied in the given experiment show that the size of the
error does not exceed 0,05 neper),

To Interpret the results of measuring the emissivity of broad leaf crops
(Figure 2b), it is necessary to account for the effects of reflection from

- the vegetation. In this case, the emissivity of the cover should be con-
sidered in the form [2]:
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x=x.+(i—R) q.+unuﬂ‘
(2)

q
Q= TR *= 1—q-r,

where kg 18 the emissivity of the vegetation layer; q and r are the
transmittance and reflection factors for the vegetation radiation. The
parameters q and r for broad leaf crops, in particular, for corn, can
be found from a comparison of the emissivities for a corn field and plowed
arcas having close values of soll moisture content (Figure 2b):

(3) ‘ n_}‘fl(l—nl)_ltl(’-—nl)
Ry(1-%R) =R (1=xs1t,)
q:n[ (mi—22) (1=Rr) (1=Ryr) ]"'
R—1It,

(4)

where k) and k) are the measured values of the emissivity of the corn Field
with dry and with moist soils; Ry and Rp are the radiation reflection factors
from dry and moist soil, defined in terms of
the measured values of the emissivity of

ploed ground kr1,2 = 1 - R} 2. Based on the
measurement data, the size of the reflection
factor does not exceed 0,1, while the trans-
mittance factor varies within limits of 0,3--
0.8 (Figure 4),

TR

T, ¥enep

T, nepers

Based on the radiation spectrum of flooded
forests (Figure 2c¢), it proves to be possible
to determine the integral attenuation in the
canopy. The difference between the emissivity
and unity in the centimeter band 1s determined
by the presence of "gaps" in the vegetation,
The emissivity of the cover where gaps are
present in the vegetation can be expressed as
[2]:

- 0 0 20 A,cH

Figure 3. The spectral
curve of the integral at-
tenuation of the radiation
by winter rye based on
cxperimental data (1) for (5)
area Il in Figure la, and
that calculated for values
of Qm = 40 quintals/hectare
(2) and Qm = 70 quintals/
/hectare (3), where Q 1is
the biomass and m dis the
moilsturc content by welght.

w={—Re " RE({1—e-7) (E—te~*+2e),

where § 1s the relative area of the gaps. In
the case of considerable absorption, t >> 1,
the difference between the emissivity and unity
is determined by the quantity RE2, To esti-
mate R, it is convenient to consider the
graphical function: 1n(l ~ k) as a function of
1/X, where A is the wavelength. Based on the

7
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obtained values of R = 0.3 and £ = 0,35, values of the integral attenuation

in the canopy for decimeter wavelengths were determined from (5), where

these values varied within a range of 0.5--1.5 nepers (Figure 5). [t

should be noted that the quantity &, taken as a constant in the calculations,

poenerally speaking depends on the radiation wavelength because of the fact

. that for wavelergths comparable with the geometric dimeriions of the gaps,
diffraction effects appear., BEstablishing the relationship of the radiative
characteristics to the degree of coverage of the earth's surface by vegeta-

- tion requires further research.

3, We shall consider the relationship between the quantities obtained for

the attenuation and the biometric parameters of the vegetation, and in this

case, we shall work from the expression derived in paper [3] for the integral
- radiation attenuation in a vegetation layer with elements in the form of small
: disks and cylinders: '

(6) T -—%—kNVGa.“h sec 0,

where u=1and u=2 for cylinders and disks respectively; k = 2n/) is
the wave number; V and N are the volume of a vegetation elcment and the
number of them per unit volume; G 1s the volumetric moisture content of
an element of vegetationj cﬁ is the imaginary part of the complex dielectric
permittivity of water; h 1is the height of the vegetative cover; and 6 is

- the viewing angle.

r q{ Expression (6) can be reduced to the
a e form:
2nu sec ®
- (7) £ e + 4 ()1 U]
A 10-°Qly/2a)me,,
- 005 {05 which relates the attenuation to the

biometric parameters of the vegetation:
the biomass Q (equal to the mass of

vegetation referenced per unit of area)
and the moigture content by weight m,

j\ defined by the ratio of the weight of

~ |

) 0 L ~ 10 water contained in the vegetation to
J04,cH the weight of the dry vegetation.

Experimental values of the attenuation
in the types of vegetation which were
studied are compared in Figures 3--5
with the calculated values, computed
in accordance with expression (7) for

Flgure 4. The spectral dependence
of the reflection factor (1) and
the transmittance factor (2 and
2') for corn,

1, 2: Based on experimental data the model of cylinders (the transmit-
(areas I and 11 in Figure tance factors q (Figure 4) are com-
Ib); pared with the calculated values q =

2': Calculation results for values = e~T). The quantities for the

of Qm = 600 quintal/hectare.
8
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biomass and moisture content used in the calculations were taken from
ground observation data.

t'aenep Ty NeEpers As follows from Figure 3-=5, the calculated
r values satisfactorily agree with the ex-
perimental ones., The observed differences
can be explained by the approximate nmature
of the model assumptions which were adopted
as regards the shape and nature of the
spatial distribution of the elements of

the vegetative cover. 1In the general case,
when interpreting the data of radiophysical
measurements, it 1s likewise necessary to

\ \ ) take into account the relationship between
- 0 10 20 Acen the fractions of the biomass included in
the quasichaotic portion (leaves) and in
the oriented elements (stems, trunks) of
the vegetative cover. The contribution of
these components depends on the angular co-
ordinates of the sounding direction.

Figure 5. The spectral depend-
ence of the integral attenu-
ation of radiation by a forest
canopy, based on experimental
data (1) for ares II in

Figure lc, and that calcu-
lated for a value of Qm =

= 700 quintal/hectare (2).

Expression (7) can be employed for esti-
mate calculations of the radiation attenu-
ation in vegetative covers,

Based on the values ubtained for the attenuation, the influence of vege-
tation on the radiation of the cover was quantitatively determined. This
influence is characterized by the quantity B:

aAx q
(8) B= 3R = =Ry (I=Ry "

expressed as the ratio of the change in the emissivity of the cover Ax to
the change in the reflective properites of the surface AR, When measuring
the moisture content of soils by microwave radiometry [4], B has the mean-
ing of the coefficient for the reduction in the slope of the radiation-
moisture content curve ATg = Bf(AW), where W 1s the soil moisture content.
Values of B for the types of vegetation studied are shown in Figure 6 and
vary in the centimeter band within a range of 0--0.6, and in the decimeter
band, within a range of 0.3--1.0.

The dependence of the shielding influence as function of the state of the
vepetation in various stages of growth should also be noted. The indicated
curves were derived for the case where the microwave radiation of cotton
ficlds in Central Asia were studied. The measurements were performed from
on-board an AN-2 aircraft at a wavelength of 18 cm. A comparison of the
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emigsivity of a cotton field with a plowed area, close in terms of soil
moisture content, shows that in step with the growth of the cotton planty,
thelr shielding influence 1ncreases (Figure 7)., When the cotton height
increases from 40 cm up to 1 m, the size of B changed from 0.9 to 0.75.

ax
Qo[
R 1 - hy
002 )%” d:i’.j ,‘0
, P
Qo %,/ 05
) August,
- [T Adeyem .
June b Y Cexmacps
uly September
Figure 6, The spectral depend=- Figure 7. The increase in
ence of the coefficient for emissivity of a cotton field
the reduction in the slope of above the radiation of plowed
the radiation-moisture content ground (1) and the cotton plant
curve where a winter rye type height (2) during the experi-
of vegetative cover is present ment,

(1) as well as for corn (2)
and forest (3).

Conclustons. 1. The experimental studies which were performed ascertained
the specific features in the microwave radiation spectra of ground cover,
- which are inherent 1in the specific types and states of the vegetation.

2. A comparison of the experimental data with the results of the model

_ calculations, which take into account the biometric and electrophysical
indicators of the corresponding types of vegetation, allowed for the deri-
vation of quantitative estimates of the attenuation and reflection of elec
tromagnetic waves by the vegetaticn in a range of 0.8-~30 cm.

3. Quantitative estimates were derived for the shielding effect of the vege-
tation on the radiation spectrum of the subjacent surface, in particular,
the values of the coefficients for the reduction in the slope of the radi-
ation-molsture content curve were determined.
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4, The presence of a correlation was ascertained between the characteristics
of the microwave radiation and the biometric indicators of the vegetation
(biomass, height, moisture content), something which indicates the basice
capability of obtaining certain estimates of biometric indicators from the
results of radiometric measurements,

The authors would like to express their gratitude to A.Ye. Basharinov for
his constant interest in this work and the discussion of the results.
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SCIENTISTS AND SCIENTIFIC ORGANIZATIONS

JOINT MEETING OF SECTIONS OF SCIENTIFIC COUNCILS OF THE STATE COMMITTEE ON
SCIENCE AND TECHNOLOGY AND USSR ACADEMY OF SCIENCES

Minsk INZHENERNO-FIZICHESKIY ZHURNAL in Russian, V 36 No 2, Feb 79,
pp 372-373

[Article by V. P, Trofimov and K. S. Adzerikho])

[Text] A Jjoint session of the section "Heat Exchange by Radiation" of the
Scientific Council on the problem "Mass Transfer and Heat Transfer in Tech-
nological Processes" of the State Committee of the Council of Ministers
USSR on Science and Technology and the heat and mass exchange section of

= the Scientific Council on the "Complex Problem 'Thermal Physics' of the
AS USSR" was held 6-7 April 1978 in Minsk.

Two of the problems discussed were:

1. Present state of the problem and basic trends of development of methods
of mathematical modelling of radiation and complex heat exchange in
technological processes.

2. Proposals of the commissiun on development of a mathematical model of
a forest fire.

R. I. Soloukhin, Chairman of the Council of Directors of ITMO [Institute of
Heat and Mass Exchange] imeni A. V. Lykov of the AS BSSR, Corresponding
Member of the AS USSR opened the conference. Corresponding Member of the
AS USSR B. S. Petukhov and Doctor of Technical Sciences A. G. Blokh, chair-
men of the sections indicated above conducted the work of the conference.

Problem addresses on the first problem described the contemporary state and
means of further development of methods of mathematical modelling of heat

B} exchange by radiation in the real spectrum (V. G. Sevast'yanenko), mathemat-
ical methods of solving problems of radiative-conduction heat exchange
(A. A. Kobyshev) and methods of mathematical modelling of radiation heat
exchange in metallurgical heat engineering (A. S. Nevskiy, V. G. Lisiyenko).
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Several speakere dlscussaed mathematical modelling of optlcal characteristics
of molecular gases (V. G. Sevast'yanenko, R. I. Soloukhin and I. F. Golo-
viyev) and methods of calculation of their radiation based on modelling of
the spectral composition (Yu. V. Khodyko). ‘There was considerable interest
in a report concerning mathematical modelling of complex heat exchange with
consideration of the spectrum of products of combustion, scattering and re=-
flection of flows for a plane layer in which a selectively absorbing, radia-
ting and scattering medium 1s moving (S. P. Detkov and 0. A. Khalevich).

For solution of a problem of hypersonic flow around a blunt body by a radia-
ting gas in the presence of intense vaporlzation of the frontal surface

there was used a gas dynamic model of flow of a non-viscous gas with consider=
ation of its optical characteristics in the shock wave and products of evap-
oration (V. I. Mirskiy and V. I. Stulov).

One report (I. R. Mikk) presents methods of measurement and processing of
- experimental data in studies of complex heat exchange.

There were presented results of studies conducted by a collective of authors
(K. 8. Adzerikho, V. I. Nekrasov, V. P. Trofimov and others) on modelling
problems of radiant heat exchange in media of plane geometry and an algorithm
of calculation of spectroscopic characteristics for a finite cylinder.

Mathematical modelling of radiation properties of surfaces and their use in
caleculations of heat exchange by radiation, including radiation with consid-
cration of anisotropy, was the subject of several reports (L. N. Ryzhkov,

S. P. Rusin, V. D. Dmitriyev, S. G. Arababov and others) which produced great
interest among conference participants.

- The reported results of application of mathematical modelling of radiation
and complex heat exchange in electric circuits (Yu. M. Ageyev and others)
were considered to be quite important. These speakers emphasized the pros-
pects of use of electromodelling for these purposes on the basis of modern
electrical engineering devices and computer technology.

A theoretical study (Yu. A. Surinov, L. B. Ionomareva) described the use of
a third form of the generalized zonal method for the most general statement
of a problem concerning radiant heat exchange in a rectangular multizonal
chamber of random length, filled by a heterogeneous absorbing and scattering
medium.

More precise definition of individual parameters of the zonal method of cal-
culation of radiation of triatomic gares and coke particles based on generali-
zation of experimental data permitted recommendations for calculating heat
exchange by radiation ir furnaces of boiler units (V. V. Vitor, I. I. Kopo-
pel'ko and L. V. Latysheva).

There were reports concerning analytical and numerical methods of calculation
of radiation conduction heat exchange as applied to elements of electro-vacuum

13
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devicus, the use of which permlts rather rapid production of necessary infor-
mation concerning their thermal state (V. S. Koshelev, G. M. Tsymbalov and
_ V. 1. Shevstov).

Decrees adopted by the sectlon emphasized the urgency and great importance
of further development of physical and mathematical bases of modelling pro-
cesses of radiation and complex heat exchange, analytical methods of the
theory of radiation heat exchange, mathematical modelling of optical char-
acteristics of gas media and radiation properties of construction materials
of surfaces of assemblies and also development of studies in mathematical
modelling of radiation and complex heat exchange in respect to specific tech-
nological processes and industrial apparatus (metallurgy furnaces, tubular
furnaces of the petrochemical industry, combustion fireboxes of steam gener-
ators and others). There was recognized the benefit of beginning standard-
ized methods of heat design for basic types of some assemblies (including
metallurgical furnaces).

There is noted the necessity of further development of zonal methods of cal-
culation of heat exchange by radiation in metallurgical furnaces, tubular
furnaces of the petrochemical industry, fireboxes of heat engineering as-
semblies and others with consideration of combustion processes.

At some sections, it was noted that an important problem for development of
mathematical models of radiation and complex heat exchange is their coordin-
ation with real technological processes.

Doctor of Physical and Mathematical Sciences A. M. Grishin discussed, in
relation to the second problem, a conference involving a temporary committee
on development of a mathematical model of a forest fire.

Presently existing models of forest fires describe either individual forms of
fires or individual aspects of this phenomenon without considering the entire
complex of the processes occurring which have a significant effect on it.

As a result of discussion of preliminary materials, there was proposed a
physical and mathematical model, developed on the basis of the mechanics of
the reacting media. A positive distinction between it and other models is
that, in it, there are taken into consideration basic physical and chemi:zal
processes, arising during forest fires and its mathematical description
involves the laws of conservation of energy, momentum and mass. The model
proposed considers the effect of atmospheric procesgsses, the type of forest
vegetation, structure and types of combustible materials and the topographi-
cal characteristics of the locality.

Approving the work of the temporary committee, the sections approved the
proposals of the committee for mathematical modelling of a forest fire.

A continuation of work on improvement of data and the creation of particular

models for the purpose of practical application of them for development
of methods and means of extinguishing forest fires was recommended.

14
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Organizational measures for practical checking of scientific research in
this area were proposed. .

The problems discussed created great interest. There were in attendance 77
specialists (lncluding 2 corresponding members of the AS USSR, 21 with Doctor
of Science degrees and 41 with Candidate of Sclence degrees, representing

44 scientific research organizations and colleges of the country. (TsKTL
(Central Scientific-Research Design and Construction Institute for Boiler
Turbines], ENIN [Power Engineering Institute imeni G. M. Krzhizhanovskiy],
IVTAN [USSR Academy of Sciences Institute of High Temperatures], ITMO of

the BSSR Academy of Sclences, ITTF AN SSSR, Institute of Philosophy of the
BSSR Academy of Sciences, VNIIMT [All-Union Scientific Research Institute of
Metallurgy and Heat Technology], MEI[Moscow Power Engineering Institutel],
etc.).

COPYRIGHT: '"Inzhenerno-fizicheskiy zhurnal," 1979
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PUBLICATIONS

MAGNETIC FLUIDS-~-NATURAL CONVECTION AND HEAT EXCHANGE

Minsk MAGNITNYYE ZHIDKOSTI--YESTESTVENNAYA KONVEKTSIYA I TEPLOOBMEN in Russian
1978 signed to press 6 Jul 78 pp 2-U, 205-206

{Annotution, table of contents and introduction from book by P. E. Fertman,
Izdatel’stvo "Nauka 1 Tekhnika," 1,100 copies, 208 pp]

[Text] This book discusses the main methods of synthesizing magnetic fluids
and their physical properties. Original results from studies of convective
heat exchange in magnetic fluid layers of various configurations located in
nonhomoseneous magnetic fields are presented. The rapid development of the
thermorechanics of magnetic fluids, at the interface !etween mechanics and
electrodynamics of continua, has been accompanied by extensive incorporation
of the new material, magnetic fluid, into industry. The publication of these
results will acquaint a wide range of specialists with the properties of
magnetic fluids and may expand their use.

The book is intended for scientific personnel and engineers dealing with
thermophysics, fluid mechanics and heat engineering, and may be used by col-
lege students.

Tables, 3; illustrations, 51; bibliography, 187 items.

Contents Page
Foreword 3
Important symbols >

Chapter 1. Preparation and Properties of Magnetic Fluids.....eeceeeeaes 5

1.1 The magnetic fluid: an artificially created medium......eeceeuee T
1.2 Methods of preparing magnetic fluidS....eeeeeecececccrensssaseees 16
1.3 Static magnetic properties......ccicevieeiesnisecessssssonssoaneas. 27
1.4 ElectricBl Properties.....c.eeeeeececeeseeccesscsossssassssacasas k40
1.5 V18COSItYeueueeeseererensssroesannssssesnstosasessccscanascsanses U3
1.6 Heat conductivity and heat cBPACILY..eeveerieerennseanrsenoassnas 5l
1.7 Applications of magnetic fluidsS....cieeeecereececasscrcnsscnsenes 55
1.8 Magnetic fluids, a promising potential heat carrier.............. 61
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Appendix 2. Methods for Numericdl Solution of Problems in Convective
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Bibliography 192

Foreword

The development of modern engineering has been accompanied by the search for
and development of new working media which make possible effective use of
power production equipment and the development of original industrial processes
and equipment designs. On the other hand, scientific research in energy (heat)
and mass transport has been aimed at establishing interconnections between
relatively independent processes. This tendency was noted by A. V. Lykov in
the early 60's. In particular, the study of the interaction between electro-
magnetic fields and fluid and gaseous media has been especially fruitful.

In the last decade, the attention of a wide range of investigators has been
drawn to a new industrial material, the magnetic fluid, whose interaction with
an external magnetic field is governed by its powerful magnetic properties.
The study of this interaction is the province of what is called "ferrohydro-
dynamics". It expands the traditional range of magnetohydrodynamics and is
located at the interface between continuum mechanics and electrodynamics.

In view of the interrelationship between the temperature conditions of a medium
and the electrodynamic interaction between the magnetic fluid and a field, we
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have related the questions discussed in this book tu the thermomechanics of
magnetic fluids. Primary attention has been devoted to identifying the nature
of ronvective heat exchange in magnetic fluids, but at the same time much
. information on the physical properties of thege fluids has been presented and
- an attempt has been made to systematize theoretical models.

Naturally, in an introductory work such as this many important questions have
been left out of the discussion. But the author hopes that the book will help
the reader to form a rather complete conception of the development of this
relatively problem in fluid dynamics.

Materials prepared by V. K. Rakhuba and N. P. Matusevich were used in the pre-
paration of section 1.2, materials prepared by V. G. Bashtov and I. Pavlinova
in section 3.2, materials by A. M. Vislovich in Appendix 1, and materials by

- V. K. Polevikov in Appendix 2. B. E. Yashevskiy took part in the writing of
Chapter 2.

The author expresses his gratitude to all the above comrades for their work.
The author i= deeply grateful to Dr. of Physical and Mathematical Sciences
B. M. Berkovskiy, who proposed the idea of writing this book, for hic constant

interest and scientific assistance.

COPYRIGHT: Izdatel'stvo "Nauka i Tekhnika", 1978
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PUBLTCATTONS

AUTOMATING THE DESIGN OF COMPLEX LOGIC STRUCTURES

Moscow AVTOMATIZATSIYA PROYEKTIROVANIYA SLOZHNYKH LOGICHESKIKH STRUKTUR in
Rusnian 1978 signed to press 10 Oct 78, pp 2, 351-352

[Annotation and table of contents from book edited by V. A. Gorbatov, Ener-
glya, 352 pages, 7000 copies]

[Text] ANNOTATION

This book 1s devoted to automating the designing of loglc structures from
specified integrated modules based on existing programs that automatically
take into account the design semantics of realizable transformations. This
makes it possible to work out an otpimum strategy for the automated design
of high-quality complex logic structures. Realization of such programe is
achieved by using the proposed software, namely, the system for interpret-
ing Boolean logic (SIBUL). Examples are given for iuplementing logic struc-
tures using multifunctional adaptive modules used in industrial automation.

The book will be useful to specialists who are working on automating the
design of numerical control systems, as well as for graduates and students
of the appropriate specialties.

CONTENTS Page
Preface 3
Introduction 5

Chapter 1.” The Problem of Creating an Automated System for
Designing Logic Structures

1.1 Structure of an automated system of design using pro- 7
gram modules
1.2 Notation for frequency arrays of relationships 13
1.3 Cholce of algorithm in designing a routine 19
1.4 Subjective interpretation of a routine 28
1.5 A frequency-minimal covering algoritim 30
1.6 Formalizing the routine by using algorithmic language 39
1.7 Designing the module ' 50
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Chapter 2. A System for Interpreting Boolean Logic
2.1 Methodology for computer design of loglc structures
2,2 SIBUL, a system for interpreting Boolean logic
2.3 Dynamic allocation of memory
2.4 Operation with files

Chapter 3. Computer Minimization of Boolean Functions

3.1 Approximate structural minimization of Boolean functions

3.2 Modules that make possible the formulation of a 1list of
maximal intervals

3.3 Modules of equivalent tranaformations of Boolean fune-
tions

3.4 Modules of a supervisory and dispatching routine

3.5 Simultaneous minimization of a aystem of Boolean func-
tions

Chapter 4. Computer Construction of Structural Diagrams
4.1 Diagram and properties of quasi-equalities
4.2 Transitive orientation of diagrams of quasi-equality
4.3 Optimizing functionals in the construction of struc-
tural diagrams
4.4 The "structure" routine

Chapter 5. A Structural-Compositional Design of Logic Systems
Using Computers
5.1 Structural algebra
5.2 Strict symbolic representation of structural algebra
5.3 The "K-diagram" routine

Chapter 6. A Structural-Decompositional Design of Logic
6.1 Inverse operation of structural diagrams
6.2 A frequency-matrix discrimination of o diagrams
6.3 Decomposition of structural diagrams into mo subdia-
grams

4 Functional decomposition of structure diagrams

5 Dendritic realization of coalgebra diagrams

.6 Automated design of logic structures for industrial
application

6.7 Characteristic controls in automated design systems
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PUBLICATIONS

ARLTHMETIC UNITS OF DIGITAL COMPUTERS

Moscow ARIFMETICHESKIYE USTROYSTVA EVM in Russian 1978, signed to press
23 Aug 78, pp l-4, 177

[Annotation, introduction, and table of contents from book by G. N. Solov'yev,
Energiya, 15,000 copies, 177 pagesl

[Text } ANNOTATION

This book explores problems of designing arithmetic units used in existing
and newly designed digital computers. Number systems and means for repre-
senting numbers are presented, with a great deal of attention paid to the
methods of implementing arithmetic operations using both fixed- and floating-
point arithmetic. Design questions are treated in the book by presenting
information on registers, summers, arithmetic unit circuits of various types,
methods for controlling transmissions, arithmetic and logic transforms, and
so forth.

The book is intended for a wide circle of specialists occupied with questions
of designing and applying digital computers, as well as for students in the
fields of design and application of digital computers.

INTRODUCTION

Of all tasks related to the theory and design of digital computers during the

30 years of theilr existence, the established and most stable have been the

foundations of theory and design of devices that implement the arithmetic and
- logic transformations of binary information.

The present publication is devoted to this topic. The book reflects an
attempt to present that material which has been filtered out by the 30-year
period of existence of digital computers. Accordingly, the entire content of
the book 1s oriented exclusively to the binary system of numbers and in dis-
cussing the theoretical foundations only those methods are considered that
have found use in digital computers of the second and third generation and
about which there is no doubt as to their use continuing into future genera-
tions as well. Such an approach is characteristic for both circuit and sys-
tem design questions considered in this book.
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The entire content of the book represents the results of the deslre of the
author to present materlal from general polnts of view without extrancous

detalls, particularly in ctrcults of the devices considered, and not from

the point of view of a specific digital computer.

In choosing material, the author has attempted to give an integrated presen-
tation on questions related to the toplc under consideration. Within the
framework of a single publication and along with the traditional arithmetic
foundations, the registers and summers, and the methods of increasing the
speed of performing operations of multiplication and division, the following
are consgldered:

The foundations underlying the operation of arithmetic units in a parallel,
sequential, and sequential-parallel operation for numbers with fixed- and
floating-point representation;

Control of the operation of the arithmetic units, where the main attention
is turned to the direct and continuous control of problems, arithmetilc and
logic transformations, modulo 2;

Dynamic storage and shift regilsters;

The foundations of representation, arithmetic operations on numbers in the
binary-decimal system of numbers, basic questions of implementing tabular
arithmetic, rounding the results of arithmetic operations on numbers with
fixed- and floating~-point representation, and a number of other specific
questions of arithmetic foundations that find broad application in digital
computers of the third generation.

All the material in the book, particularly Chapter 4, is designed for use of

integrated circuits. Basilc questions of integrated circult technology illu-
- minated in Chapters 1 and 3, in which the logical foundations are given in
terms of volume necessary for the formal description of algorithms for arith-~
metic and logical transformation as well as cilrcuits for the basic components
of arithmetic units, free the reader from the need to turn to specialized
literature in studylng and becoming familiar with the present book.

) Obviously, a book that reflects such complex questions is quite limited in
scope and necessarily has to be short and laconic in the presentation of a
number of topics. The reader has to judge as to what extent it has been pos-
sible to achieve the above-presented ideas.

In the author's opinion, the present book will be useful for students in the
speclalty of electronic computers as well as for speclalists working in the
field of computing technology.

The author would like to express his gratitude to the instructors of the
electronic computer faculty of the Moscow engineering physics institute,
whose practical comments have led to the formulation of the present book and

- to his colleagues on the faculty for the great help in preparing the manu-
- script for publication.
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PUBLICATIONS

DESIGN OF FUNCTIONAL SUBASSEMBLIES FOR DIGITAL COMPUTERS USING INTEGRATED
CIRCUITS

Moscow KONSTRUIROVANIYE FUNKTSIONAL'NYKH UZLOV EVM NA INTEGRAL'NYKH
SKHEMAKH (Design of Functional Subassemblies for Digital Computers Using
Integrated Circuits) in Russian 1978 signed to press 28 veb 78, pp 2, 199-200

{Title, annotation, and table of contents from book by B, I. Yermolayev et
al., Sovetskoy Radio, 22,300 copies, 200 pages]

- [Text] Methods are presented for designing the basic functional subassembly
of a digital computer, the plug-in module, that contains discrete elements,
Integrated circuits, printed circuit boards, and connectors.

The book is intended for a wide circle of speclalists working in the field
of computer design.
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PUBLICAT1ONS

UDC 539.107.4
DETECTION OF IONIZING RADIATION

Moscow DETEKTORY IMPUL'SNOGO IONIZIRUYUSHCHEGO IZLUCHENIYA (Detectors of
Pulsed lonized Radiation) in Russian 1978 signed to press 22 Dec 77
pp 2=4, 172-173

[Annotation, table of contents and introduction from book by Ziyat Adbul=
lovich Al'bikov, Aleksandr Ivanovich Veretennikov, Oleg Vasil'yevich Koz~
lov, Atomizdat, 1,980 copies, 176 pages/

Lféx§7 The measurement of pulsed ionizing radiation is an urgent problem of
cxperimental physics and radiation technology. It 1is neceesary to make
such measurements when developing and using pulsed X-ray equipment and
particle accelerators, in thermonuclear research, medicine and other fields
of science and technology.

Detectors designed to measure pulsed fonizing radiation are examined in the
book. The principles of their construction are set forth and estimated and
experimental data on the characteristics of the detectors are cited.

The amplitude, time and spectral characteristics of detectors of various
types, as well as the limitations connected with statistical fluctuations

of output currents are examined. The main attention is devoted to detectors
with nanosecond and subnanosecond resolution.

The book 1s intended for experimental physicists and specialists in the
field of nuclear instrument making.

65 figures, 21 tables 244 references.
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1.1. Main Parameters of the Fields of Pulsed Ionizing Radiation 5
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Chapter 10, Methods of Measuring the Characteristics of Detectors

of Pulsed Radiatdon. v v v v v v v 0 v v b e e e e e 150
10.1. Measurement of the Spectral Characteristic of Detectors . . 150
10.2. Measurement of the Spectral Characteristic of Detectors

of Neutron Rad4atfon « v v v v v v v 0 v v b e e e e e 153

10.3. Measurement of the Pulsed Characteristic of Detectors . . . 153
10.4. Measurement of the Amplitude Characteristic of Detectors. . 157

[\lbliogl‘nphy.............-.............- 159
Subject IndeXs v v v v v i s e e e e e e e e e 10
Introduction

The measurement of {onizing radiations is of great importance in modern
science and technology. With the introduction of the achievements of ex-
perimental nuclear physics in industry, medicine and other sectors of the
national economy more and more attention is being devoted to the measurement
of the parameters of the fields of ionizing radiation, which not only bear
fnformation about the operation of the devices which are the sources of
radlation, but also present information on the operating conditions in

these fields of the objects of observation and service.

A peculiarity of many devices, which are presently being used as sources

of lonizing radiation, is the pulsed mode of their operation. The surround=-
ing flelds of lonizing radiation in contrast to the fields created by static
sources, the average intensity of the radiation of which is constant or
changes according to the laws of radioactive decay, are of a pulsed nature
in this case.

The detection of ionizing radiation is based on the transformation of the
energy of the particles being recorded into an electric signal at the out-
put of the detector, which is subsequently processed by means of radio-
electronic equipment. According to the type of output signals the detectors
of ionizing radiations are divided into discrete detectors, at the output

of which a sequence of electric signals (pulses) is formed from the in-
dividual particles, and analog detectors, at the output of which the signals
from individual particles are not differentiated, while the information on
the recorded radiation is obtained according to the value of the electric
current in the output curcuit of the detector.

In the measurement of the parameters of pulsed sources and fields of ioniz-
ing radiation the form of the pulses of radiation, their amplitude (maxi-
mum intensity), the intervals between the pulses in the case of the

* .
This division of the detectors i arbitrary, since as the intensity of

the radiation increases and the number of recorded particles corresponding-
ly decreases, the analog detector shifts to the discrete mode of opera-
tion,
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emigsion of a series (or train) of pulses and the form of the individual
pulses In the series are of great interest.

Analog detectors are usually used for the measurement of the indicated
parameters of pulsed lonizing radiation when using the appropriate radio-
clectronic equipment, since the use of discrete detectors for these pur-
poses 1s practlically impossible, especially given a nanosecond and, what

ls more, a plcosecond duration of the individual pulses or series of pulses
of lonizing radlatlon.

Discrete detectors of clementary particles, which are designed for record-
Ing Lonizing radiation of static sources, have been described in many mono-
nrnphs.* At the same time the authors do not know of any works, in which
the questlons of the theory and use of detectors of pulsed ionizing radi-
ation were systematized. An attempt is made in the book to set forth the
maln questions of theory and the practical results obtained in the urea of
the development and use of analog detectors of pulsed ionizing  radiation;
lere the main attention is devoted to the analysis of the possibilities of
using these detectors for measuring pulses of radiation in the nanosecond
and subnanosecond ranges of activity.

In setting forth the materials the authors were guided, where possible, by
the All-Union State Standards issued in the USSR in recent years. However,
this was not always possible. The greatest difficulties arose in the area
of terminology, and this is natural in connection with the novelty of the
question being covered. In describing the characteristics of the detectors
new definitions were introduced, which, in the opinion of the authors, are
practically necessary, logically stem from the principles of operation of
the detectors and ensure the metrological nature of the measurement of the
parameters of radiations. In this case analogous terms from other fields
of metrology were used.

The authors did not set as a goal of the book the description of the meth-
ods and equipment for measuring the parameters of pulsed radiation-~this is
unquestionably of independent interest to broad groups of readers. However,

*V. Veksler, L. Groshev, B. Isayev, "Ionizatsionnyve metody issledovaniya
izlucheniy" /Tonization Methods of Studying Radiations/, Moscow-Leningrad,
Gostekhteorizdat, 1950; B. Rossi, H. Staub, "Ionizatsionnyye kamery i
schetchiki" /Ionization Chambers and Counters/, Moscow, Izdatel'stvo ino-
strannoy literatury, 1951; V. Price, "Registratsiya yadernogo izlucheniya"
/Recording of Nuclear Radiation/, Moscow, Izdatel'stvo inostrannoy litera-
tury, Moscow, 1960;_V. I. Kalashnikov, M. S. Kozodayev, "Detektory elemen-
tarnykh chastits" /Detectors of Elementary Particlegf, Moscow, "Nauka',
1966; V. V. Matveyev, B. I. Khazanov, "Pribory dlya izmereniya ionizi-
ruyushchikh izlucheniy" [Instruments for Measuring Ionizing Radiatioms/,
Moscow, Atomizdat, 1972; L. S. Corn, B. I. Khazanov, "Izbiratel'nyye radio-

metry” /Selective Radiometers/, Moscow, Atomizdat, 1975, and others.
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in some instances the authors were forced to set them forth In brief, since
otherwisce some characteristics of the described detectors and the possbil-
ities of their practical use would have remained unsubstantiated.

he introduction and Chapters 1 and 9 were written by A. I. Verctennikov;
Chapters 2, 3, 4, 5 and 8 by O. V. Kozlov; Chapters 6, 7 and 10 by 2. A.
Al'bikov. The authors are grateful to V. A, Novikov, S. A. Kuchay, Yu. A.
Brusov, L. Z. Nazarova and L. M, Shishlyakova for useful remarks and as-
sistance in the work on the book.

COPYRIGIT: Atomizdat, 1978
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PUBLICATIONS

539.125.5.17
NEUTRON METHODS OF ANALYZING THE COMPOSITION OF MATTER

Moscow NEYTROMNYYE METODY NEPRERYVNOGO ANALIZA SOSTAVA VESHCHESTVA (Neutron
Methods of the Continuous Analysis of the Compos:tion of Matter) in Russian
1978 gipned to press 28 Sep 77 pp 2-5, 159

[Kbnotation, table of contents and introduction from book by Yevgeniy Rosti-
slavovich Kartashev and Aleksandr Sergeyevich Shtan', Atomizdat, 1,530
copies, 159 pages/

[Text/ 1In the book the principles of neutron methods of the continuous
analysis of the composition of matter are set forth, the principles of the

- construction and the features of various types of neutron analyzers are
examined. Particular attention is devoted to the theoretical and physico-
technical principles of the continuous activation analysis of matter in a

- gstream as one of the new and very promising methods of automatic produc-
tion control. The characteristics of various types of neutron sources, as
well as of detectors and recording equipment, which are used in neutron
analyzers, are examined in detail. Examples of the use of neutron methods
for the continuous analysis of industrial products or the analysis of sub-
stances without taking samples under field conditions are cited. The neu-
tron methods and equipment for the continuous analysis of matter, which
were developed both by the authors of the book and under their guidance and
by other authors in the USSR and abroad, are described in the book.

8Y figures; 24 tables; 157 references.
Contents Page
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The increase of labor productivity in industry largely depends on the level
of automation of production processes. Continuous processes can be auto-
mated easiest of all. In this case the control of such automated processes
can be accomplished from a single control center by means of control com-
puters. As a result of the monitoring of technological processes and the
possibility of maintaining the optimum production schedule the utilization
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of technological equipment Increases considerably and products of better
quality are produced. The automation of technological processes improves
working conditions and reduces to a minimum the number of people working
directly under harmful conditions, .

y One of the fmportant condltlons, without which the automation of technologl-
cal processes Is virtually impossible, is the need for the automatic or
gemi-automatic monitoring of the course of tie process. Without exaggera-
tion it can be stated: monitoring 1s the main link of all automatic pro-
duction equipment. Merely by knowing the level, density, moisture content,
thickness, chemical contenkt or any other parameters essential for the pro-

- cess, It is possible to control this process.

For many years now radiatlon Instruments have been used as sensitive ele-
ments (sensors) Ln many production processes. Much experience in develop~

Ing and using automatic industrial equipment on the basis of these instru-
menty has been gained in the USSR and many other countries. By means of
primary radiation converters in many cases it is possible to determine the
technologlcal parameters without contact, which favorably distinguishes these
sensltlve elements from others which require contact with the medium being
monitoved. This advantage is particularly important in the automation of
many processes in metallurgy, chemistry and several other sectors of industry.

In order to control many processes it is necessary to know the chemical
composition of the mediums being monitored. Here continuous high speed
processes require also the use of continuous methods of analysis. Numerous
automatic analyzers of composition, including radiation analyzers, have
been developed and are being used in practice.

However, there are no and, apparently, never will be any universal methods
and Instruments, which are capable of meeting all the diversity of demands
made on them by various sectors of industry and various technological pro-
cesses. Therefore, at present the study of new methods of continuous analy-
sis is being continued, the development of instruments with the use of the
latest achievements of science and technology is being carried out,

Experience shows that at enterprises of nonferrous metallury approximately
. half of all the analyses made at the central plant and shop laboratories
are necessary for use in regulating technological processes. Usually the
majority of these analyses are still made by the traditional "wet" chemical
methods. Only slightly more than 10 percent of all the analyses are made
in the laboratories by instrument methods. But even these methods for the
most part require the taking, and then some preparation of the samples
- (weighing, dissolving, placement in an ampoule and so on). The increase of
the accuracy of the analysis in many instances is checked by the imperfec-
tion of the methods and systems of sampling. Often the error of sampling
is much higher than the error of the analysis itself.

Continuous analysis, in addition to the possibility of using its readinge
for controlling the course of technological processes, has a number of other
34
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advantages over the ordlnary laboratory methods of analysis with the taking
of samples: 1) as a consequence of the increase of the amount of material
belng analyzed the representativeness of the results of the analysis in-
creases and the error of sampling decreases; 2) the subjective errors of

the analysts are ellminated; 3) the possibility of contactless continuous
analysld, Including through the walls of pipes and technological vessels,
arlses; 4) It is possible to make an analysis of the rock and ores in a
natural bed; 5) the passivity of service personnel in the use of the results
of the analysis for controlling the processes is eliminated.

The methods of continuous analysis, which are now being developed, for the
- most part are based on the further development of ordinary laboratory meth-
ods of analysis: titration, polarography, flame photometry and so forth.

In recent years much interest has been show for neutron methods of the con-
tinuous analysis of matter and the automatic monitoring of other technologi-
cal parameters. Intensive research and development of automatic neutron
analyzers of composition are belng performed in the USSR, the United States,
England, Canada and several other countries. The number of publications
devoted to these problems is increasing like an avalanche. The analysis

of patent materials shows a slightly different picture: some main patents
and authorship certificates, in which the means and general diagrams of
devices of the continuous analysis of composition are set forth, were sub-
mitted comparatively long ago (1955-1960), while in the technical patent
materials of recent years only a few special questions of methods and the
improvement of some assemblies of knowndevices are developed.

There are a large number of sectors of industry and industrial objects,

at which it 1s expedient to use neutron methods of continuous analysis:

the monitoring of the processes of extracting valuable components in the
mining and metallurgical industry, the monitoring of the parameters of some
intermediate products (for example, monitoring of the moisture content of
agglomerate in ferrous metallurgy, determination of the protein in albumin
products), the monitoring of some special processes (determination of the
content of boron and the products of fission of nuclear fuel in the stream
of coolant at nuclear electric power stations), monitoring of sewage for
various contaminants (fluorine, uranium, mercury and so forth), the deter-
mination of the impurities in petroleum products. The problems of analyz-
ing the rock and ores in a natural bed on the surface of the earth, in mine
drifts, at the bottom of seas and oceans and on the surface of other planets
are a speclal group of tasks. The methods of determining the consumption
-and rate of movement of liquid and bulk products, which can also be solved
by means of neutron methods, border on analytic methods.

The mere enumeration of examples of the possible use of neutron methods of
concinuous analysis and monitoring shows their great promise. However, so
far, not counting several short surveys /1-3/, not one work has been pub-

lished which systematizes and summarizes the achievements in this field.
The authors have taken the liberty to fill this gap.
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It Is necessary to note that questions of the theory and practice of neutron
methods ol Togglog bore holen have heen  omftted from this work. Logging
~aecordlog to the methods of accomplishment, the equipment and the means of
lonterpretation of the results in many respects differs from other methods
of continuous analysis. Morcover, neutron logging was proposed several
decades ago; the research devoted to this method 1s set forth in much patent,
scientific and technical literature and was generalized in several mono-
graphs.

The various methods and equipment are examined in the book with a varying
degree of detail, which was caused in some cases by the lack of available
information and in other cases by the varying level of elaboration of the
problem. The research performed by the authors is covered somewhat more
extensively in the book. Sections 5.3, 5.4 and 5.5 of Chapter 5 were writ-
ten with the participation of V. L. Chulkin.

The authors realize that in this work, which is being undertaken for the
first time, some shortcomings or inaccuracies might be encountered. The
authors will gratefully accept critical remarks and suggestions.

In conclusion the authors take the opportunity to express their gratitude

to N. D. Tyufyakov, V. L. Chulkin, N, Yu. Markun and S. V. Shagov for par-
ticipating in the performance of the experiments and the useful advice

glven in the discussion of the manuscript of the book. The authors are also
prateful to B. V. Ivlev and L. A. Pronina for much assistance in putting

the manuscript into order.

COPYRIGHT: Atomizdat, 1978
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PUBLICATIONS

UDC 539.9.082:533,924
PARTICLES IN PLASMA RESEARCH

Moscow VZAIMODEYSTVIYE CHASTITS S$ VESHCHESTVOM V PLAZMENNYKH ISSEDOVANIYAKH
(The Interaction of Particles With Matter in Plasma Studies) in Russian
1978 signed to press 17 Jan 78 pp 2-4, 271-272

[Annotation, table of contents and preface from book by Yuriy Viadimirovich
Gott, Atomizdat, 2,550 copies, 272 pages/

[Text/ The available theoretical and experimental data on the losses of

. energy, scattering and ranges of ions of nonrelativistic energies in solid
(amorphous) and gaseous substances are generalized and systematized in the
book. Questions of the radiation damage to the first wall of a thermonu-
clear reactor under the effect of neutrons and charged particles are ex-
amined. The results of the practical application of the events, which oc-
cur in the interaction of particles with a solid, for the corpuscular diag-
nostics of laboratory and space plasma are cited.

The book 1is intended for specialists working in the field of plasma physics
and nuclear physics and for students of VUZ's of the corresponding special~
ties.

34 rables, 381 figures, 583 references.
Contents Page
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Bibliography . . & & v v 4 4 i ot it e e e e e e e e e e e 47

Chapter 2. Losses of Energy in Inelastic Collisions . . . . . . . 50
§ 5. Losses of Energy in Inelastic Scattering in Individual
. Collisfons. & v v v v v 4 4 v b e b o o o o o e e e e 50

37

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040048-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040048-4

§ 6,
§ /.
§ 8.
5 9.

FOR OFFICTAL USE ONLY

Polarization Lonsen of Energye « o o v o o o 0 o
Stopping of Partleles o Plasvmas o 0 0 0 0 0 0 0

I S S ) 59
nc;c--(‘}

Statistical Spread of Losses of Energy by Particles in Matter. 75

Comparison of the Theory With the Experiment . . .

..uc-.ﬂz

Bibliography P T T N T T T T T S S S S S S B BN R 86

Chapter

Chapter
s 10‘
§ 1.

Bibliogtaphy P T T T T T T R T S S R S S )

Chapter
§ 12,
§ 13.
§ 14.

3. Experimental Data on Losses of Energy by Particles in
MALLEEY ¢ & o ¢ o o o & o o o 8 6 4 ¢t b s s e 8 0 e
Bibliography « + « « + o v v ¢« o 0 s s v s 0 e e 0

4, Scattering of Particles in Matter. . . .
Theory of Multiple Scattering . . « « « +
Inverse Problem of the Theory of Scattering

o o = e
- o o o
e o o o

5. Ranges of Particles in Matter . « « « + « o « &
Theoretical Data on Ranges of Particles in Matter

Statistical Spread of Ranges of Particles in Matter
Experimental Data on Ranges of Particles in Matter.

Biblingraphy s s 6 8 & & 8 8 8 e & s 8 2 e s 0 0

Chapter

T § 1S,
§ 16.

Bibliography « « « « « ¢ v o ¢ o s s 0 0 00 s s e e e e

Chapter
§ 17.
§ 18.
§ 19.
§ 20.

‘llllbgo
A &)

136
136
162
165

s o &
.« o o ®
e o o
e = o =

e o ® &

168
168
175
176
192

e o o o o
e o o o o
e o o o o
« o o o o
e« e o o

6. Experimental Methods of Studying the Interaction of
Particles in Matter. « « o« o ¢ o ¢ o o s o o ¢ ¢ s o o »

Preparation of Targets. . « + o « o o ¢ ¢ o o s

e e e 195
L] L] . . . . 195

Measurement of Losses of Energy and Ranges of Charged

Particles ¢ « o o ¢ o ¢ o o s 8 6 0 0 s e s e

. . . . . . 202
o s o s 4 205

7. Radiation Damages to the Walls of a Thermonuclear Reactor. 210

Mechanical Properties of Solids « « « « ¢ « ¢ ¢ &
Defects of the Crystal Structure of Solids. . . .
Volumetric Radiation Damages. . ¢« ¢ o « o &« o ¢ &
Surface Radiation Disturbances. . . . « ¢« ¢ .

Bibliography « « « ¢ + ¢ ¢ ¢ o @ o 0 e e a0 e e e

Chapter 8. Diagnostics of Laboratory and Space Plasma .

§ 21.
§ 22.
§ 23.

Bibllography « « « ¢« ¢ ¢ ¢ o o ¢ o o ¢ ¢

AppendiX o« ¢ o o o o o s e e e e s e s e e e s s e e e

EQUIpmEnt « « « o o o o s s o s 0 s e e e e
Measurements in Laboratory Plasma . .
Measurements in Space Plasma. . . . . &

e o s & o

.
o o o o
.

Bibliography . « « ¢ « ¢ ¢ ¢ ¢ ¢ o o o s o e s s e e
Symbols of Main Values . « « ¢ « ¢ o ¢ o ¢ o o s s o o o

Preface

In recent years the interest in the events which accompany
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han steadlly Inercaneds Thene quest tons are asnumbng paretlenlarly proat
Importance in connection with the hopes for the development in the future
of a controlled thermonuclear reactor (UTR). 1In an UTR the first, vacuum
wall of the chamber will be subjected to the effect of large streams of
various types of radlations. The interaction of the radiations with the
materials of the wall leads to a change of the physical and mechanical
properties of the latter and to the contamination of the plasma by the
materials of the wall, .-

The effects occurring with the interaction of partiecles with solid matter
and plasma are widely used in the corpuscular diagnostics of laboratory
and space plasma.

Of course, this entire wide range of questions is difficult to set forth in
a single book. Therefore, the author strove to cover in detail the results
of theoretical and experimental research on the losses of energy, scatter-
ing and ranges of heavy (with a mass many times greater than the mass of an
clectron) particles in a solid (Chapters 1-6). The second part of the book
(Chapters 7, 8) is devoted to an account of the practical application of
these pehnomena in plasma physics.

Unfortunately, in spite of the fact that the study of the passing of par-
ticles through matter has been engaged in now for more than 70 years (the
scattering of ®-particles in matter was discovered in 1906, the subsaquent
classical studies of Geiger, Marsden and Rutherford led to the discover in
1911 of the nucleus.of the atom), our knowledge is still quite modest.
Since no one has yet proposed to make the walls of an UTR out of monocrys-
talline materials, the interaction of particles only with amorphous sub-
stances is examined in the book.

In speaking about the energies of interacting particles, we will use the
following terminology: particles of small energies are particles, the
velocity of which 1s less than the velocity of any electron in an atom of
the target, the velocity of particles of great energy exceeds the velocity
of any electron of an atom of the target. All the remaining particles have
intermediate energies. When examining these questions we will confine our-
selves to the domain of nonrelativistic velocities.

Everywhere that it was possible empirical and approximate terms were used.
The physical values are designated by symbols which nearly do not differ
from the original works used by the authors. Therefore, often the same
letter designates different physical values (for example, f is a parameter
of aiming, the density of the substance, f is the average range expressed
in dimensionless units, Prnp 18 the average projective range). In studying
the materials set forth in the book, the reader will probably understand
these symbols without difficulty.

The author considers it his pleasant duty to express deep gratitude for the
ugeful considerations, discussions and advice to M. S. Ioffe, B. I. Kanayev,
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R. A. Kovrazhkin, R. I. Sobolev, V. G. Tel'kovskiy, V. V. Temnyy, O. B,
Firsov, Ye. Ye. Yushmanov and Yu. N. Yavliinskiy.
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PUBLICATIONS

UDC 621.373.826
HOLOGRAPHIC METHODS, EQUIPMENT

Moscow OPTICHESKAYA GOLOGRAFIYA: PRAKTICHESKIYE PRIMENENIYA (Optical Holog-
raphy: Practical Applications) in Russian 1978 signed to press 28 Jun 78
pp 2=4,.237-238

[Annotation, table of contents and introduction from book by Ye. A. Antonov,
V. M. Ginzburg, Ye. N. Lekhtsiyer, E. V. Moroz, E. G. Semenov, B. M. Stepa-
nov, N. S. Khanin, V. Ya. Tsarfin, Izdatel'stvo "Sovetskoye radio", 19,000
copies, 238 pages/.

/Text/ The experience of using new holographic methods and equipment (see
"Colografiya. Metody 1 apparatura" [Holography. Methods and Equipment/,
edited by V. M. Ginzburg and B. M. Stepanov, Moscow, "Sovetskoye radio",
1974) for the solution of practical problems in various fields of physics,
technology, biology, medicine and fine arts is generalized in the book.

The new results of a number of holographic studies are cited, including
the studies of: optical self-focusing fibers, which are used for telecom-
munications; blood cells under cryogenic conditions; high speed processes
{explosions, the combustion of condensed substances, gas-discharge plasma,
the atomization of fuel by injectors, gas dynamic streams in the T-shape
pipe joints of the intake-exhaust systems of motor vehicle diesel engines
and others); the deformation of the images of murals depending on climatic’
conditions and others. '

Metrological problems of holography are examined. Methods of nondestructive
testing of industrial items are given. The MGI-1 holographic microscope,
which has been series-produced since 1976, as well as devices for obtaining
‘round and multi-angle holograms and holographic interferograms and their

use are described.

The book is intended for specialists working in the field of holography
and its use in various fields of science and technology.

23 tables; 135 diagrams; 155 references
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6.5, Study of the Dlspersed Phase of the Products of the Combus-—

tion of Condensed Systems. + ¢ « + o ¢« o ¢ ¢ o o o o v s o+ 4 178
6.6. Study of the Solid Phase of the Products of the Combustion

of Condensed Systems . « « ¢ o + « « o o s o o o s o 4+ o+ o+ 185
6.7. Study of Model Wire Explosfons . « + « v ¢ ¢ v ¢ v « ¢« o+« « 198

Chapter 7. Holographic Methods of Nondestructive Testing of the Operat-
ing Processes in Motor Vehicle Diesel Engines. . . . . . . . . . . . 205
7.1, Study of the Atomization of Fuel by the Injectors of Motor

Vehicle Diesel Engines . « « & v v 4 o o o o ¢ o o ¢ « o« « 206
7.2. Study of .the Characteristics of the Gas Dynamic Streams in
the Intake-Exhaust Systems of a Diesel Engine. . . . . . . . 217
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Subject IndeX. ¢ + 4 « ¢ ¢ o ¢ 6 4 b 4 e e e e v 4 e e e s e e e e e s 235

Introduction

At present holographic methods are being widely used in solving practical
problems and in scientific research. Holography is being used in studies

of high speed processes (explosions, combustion, gas-discharge plasma and

so forth); for measuring deformations which occur in an item under the in-
fluence of various factors; for nondestructive testing of quality; for
detecting internal defects of items (in introscopy); in studies of living
cells and microorganisms, the process of the growth of plants; for obtaining
three-dimensional images of the internal organs of man and animals; in
operations on the restoration and determination of the optimum storage con-
ditions of masterpieces of painting aund others.

The methods and domestic equipment, which make it possible to perform
holographic research in the optical and ultra-high frequency bands of waves,
are described in the book "Golografiya. Metody i apparatura" /Holography.
Methods and Equipment/ (edited by V. M. Ginzburg and B. M. Stepanov, Moscow,
"Sovetskoye radio", 1974). These methods and equipment, as well as the
methods and equipment, which were developed later and arz presented in this
book, are being used in the Soviet Union and abroad for research in the
field of physics, medicine and technology. The results of the basic re-
search were published in the periodic press during 1974-1977. At the same
time, until recently there have ‘been no systematized account of the practi-
cal aspects of liolography, a description of the methods and their use and a
generalization of the experience of the practical use of holography in solv-
ing specific problems of the national economy.

With this book the authors have attempted to fill this gap: to systematize
and generalize the experience of using the developed methods and means of
holography for solving problems in a number of fields of science and tech-
nology. "

Taking into account the broad interest in holography and its practical use
on the part of readers of various specialties, the authors give a brief
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account (Chapter 1) of the basic data on the methods and schemes of holog-
raphy, reference data on holographic equipment and radiation sources, ques-
tions of the metrological guarantee of the measures and some other informa-
tion which 1is necessary for work with holographic devices.

A description of new holographic instruments and devices: the MGI-1 holo-
graphic microscope, round and multi-angle systems which make it possible to
enlarge the fleld of use of holographic methods of measurements and nonde-
structive testing, is given in separate chapters.

In the book the main directions, methods and practical questions, which are
connected with the use of holography for the nondestructive testing and meas-

. urements of various items and processes, are set forth using specific
practical problems as examples. Topographical methods of nondestructive
testing of the form of reflecting and transparent objects (including the
immersion method of testing the form of reflecting items, which is at the
basls of the draft standard of holographic measurements); the method of com~
paring the surfaces of a complicated form with standard items are examined;
the results of the use of holography and laser interferometry for the non-
destructive testing of deformations which occur in reflecting objects under
the influence of environmental factors are cited.

Studles of the deformations of the images of the murals in the cathedrals
of the Moscow Kremlin subject to climatic conditions for the purpose of de-
termining the optimum temperature and moisture conditions, which ensure the
safeleeping of the monumental painting on the walls of the cathedrals; the
contactless testing of the topography of the surface of magnetic discs,
which are used in storage systems; the use of holographic microscopy for
the nondestructive testing of quality and measurement of the distribution of
the index of refraction in optical fibers; the use of holographic micro-
scopy for studying the vitality of cells, particularly blood cells under
cryogenic conditions, are described.

The distribution of the concentration of the solution in the process of the
growth of crystals is studied. An explanation of the previously observed
phenomenon of the stratification of the solution when growth crystals of
KDR in a static mode was found on the basis of this research. The results
of the study of the uniformity of artificially growth crystals by the method
of holographic interferometry are cited.

The application of holography for the study and measurement of the parameters
of multicomponent rapidly changing systems, which contain a liquid, solid

and gaseous phase and a plasma, 1s examined, the main characteristics are
cited and the problems of studying such systems are specified.

A number of practical examples of the use of pulse holography for the cal-
culation of the density of currents, the distribution of velocities in an
overflow stream, the study of the process of combustion of condensed sys-
tems, the analysis of the distribution of charged and neutralized particles
in plasma are given. The process of the atomization of fuel by injectors
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and the characteristics of the gas dynamic streams in the intake=exhaust
systems of motor vehicle diesel engines are studied.

The book was written by a collective of authors under the general editor-
ship of V. M. Ginzburg and B, M, Stepanov. The following people worked on
the book: Ye. A. Antonov (§ 1.1, 1.2), V. Ya, Tsarfin (§ 1.3, 1.4, Chap-
ter 6), E. G. Semenov (§ 1.5, Chapter 2), V. M, Ginzburg (Chapters 2-7,

§ 1.3), B. M. Stepanov (Chapters 2-6, § 1.3), Ye. N. Lekhtsiyer (Chap-
ters 3-5), E. V. Moroz and N. S, Khanin (Chapter 7).

The authors hope that the book will be useful for specialists who work in
various fields of science and technology and who use holographic methods
.for solving practical problems and in scientific research.

The authors are extremely thankful to the reviewers of the book: Correspond-
Ing Member of the USSR Academy of Sciences Doctor of Technical Sciences.
L. D. Bakhrakh and Doctor of Physicomathematical Sciences Yu. A. Bykovskiy,
for a number of valuable suggestions which were taken into account when
correcting the book.

The authors express gratitude to Ya. A. Gabelev for much assistance in the
preparation and editing of the manuscript of the book.

COPYRIGHT: Izdatel'stvo "Sovetskoye radio", 1978 .

7807
Cso: 1870

45

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040048-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100040048-4

FOR OFFICIAL USE ONLY

PUBLICATIONS

uDc 533.9.13
PROPERTIES OF NEGATIVE IONS AND ASSOCIATED PROCESSES

Moscow OTRITSATEL'NYYE IONY (Negative Ions) in Russian 1978 signed to
press 11 May 78 pp 2-4, 176

[Annotation, table of contents and preface from book by Boris Mikhaylovich
Smirnov, Atomizdat, 1,830 copies, 176 pages/

[?ext/ Information, which pertains to the properties of negative ions and
the processes which take place with their participation, is presented. The
methods of determining the energy of the affinity of electrons to the atom
and the molecule are analyzed and the present values for these magnitudes,
as well as for the energies of dissociation of molecular negative ions and
the parameters of auto-ionized states of ions, which are formed in the pro-
cess of collision of electrons with molecules, are cited. The processes of
the formation of ions in paired and triple collisions of electrons with
molecules, as well as the processes of the recombination of positive and
negative ions in paired and triple collisions are studied. The processes

of the photoejection of an electron from a negative ion, the photodissocia-
tion of a molecular negative ion, as well as the photo-attachment of an
electron to an atom or a molecule are examined.

The book contains much reference material. It is intended for specialists
working in the field of the physics and chemistry of plasma, atomic and
molecular physics, as well as in related fields, who need information on
the properties of charged particles and the elementary processes taking
place with their participation.

49 figures, 40 tables, 698 references.

Contents Page
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" Preface
Negative ions play an important role in weakly fonized gas. The transfer
of the negative charge from the electron to the negative ion leads to a

sharp decrease of the conductivity of plasma and changes the rate of the
recombination in it of the positive and negative charges. The process of
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the photo=-attachment of an electron to an atom influences the radiating
properties of a weakly fonized gas. Thus, the formation of nepative ions
of hydrogen in the photosphere of the sun with the photo-attachment of an
clectron to an atom of hydrogen determines the radiation of the sun in the
optical portion of the spectrum. The luminescence of the night sky to a
great extent 1s connected with the photo-attachment of an electron to an
atom of oxygen. Negative lons play an important role in the upper atmos-
phere of the earth, where at an altitude of up to 100 km the negative
charge of the atmosphere is connected with negative ions, and the main type
of negative lons depends on the altitude and the time of day. The list of
examples demonstrating the role of negative ions could be continued, and
their number is increasing with the development of applied science in re-

- cent times, mainly in connection with the development of capacitive gas
lasers, gas-discharge instruments and plasma chemistry. All this creates
the need for information about negative ions.

The goal of this book is to present information on negative lons and the
elementary processes in which they participate. At the basis of the book

is the material of the previous books of the author_on this theme ("Atomnyye
stolknoveniya 1 elementarnyye protsessy v plazme" /Atomic Collisions and
Elementary Processes in Plasma/, Moscow, Atomizdat, 1968; "Iony i vozbuzh-
dennyye atomy v plazme" /Ions and Excited Atoms in Plasma/, Moscow, Atomiz-
dat, 1974), This book has retained the direction of the preceding books,
the nature and manner of exposition, and for those questions, in which no
new information appeared, the materials of the preceding books were used

in {it.

Along with this a large number of problems were subject to serious treat-
ment. There are directions in which in recent years fundamentally new re-
sults have been obtained. For example, a new method of measuring the ener-
gy of affinity of an electron to an atom and a molecule, which was developed
several years ago and is based on the study of the photodecay of negative

z ions upon the intersection of a beam of negative ions with the beam of an
adjustable laser, made it possible to obtain a wealth of information on the
energy of affinity of electrons to an atom and a molecule with a previously
Inaccessible accuracy. Modern methods made it possible to determine the
parameters of auto-ionized states for a number of molecular negative ions.
These states are formed in the process of the elastic and inelastic scat-
tering of an electron on a molecule and therefore contain information on
the collision of the electron with the molecule. In recent years measure-
ments of the sections of photodissociation for negative ions were made,
which previously were entirely lacking. For many problems new information
has been obtained, which is extending our notions about the topic and, of
course, is also included in the book.

In foreign literature there are a large number of surveys and monographs on
y negative ions. The most complete one 1s the monograph of H. Massey, which

has run three editions (H. S. W. Massey, "Negative Ions," Cambridge Univer-

sity Press, 1976).

COPYRIGHT: Atomizdat, 1978
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